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(54) Unitary drop-in airbag filters 

(57) Unitary filters for airbags. The filters may be 
formed from various combinations of ceramic grit, ce- 
ramic fiber, metal grit, metal fiber, and non-metal fibers. 
Combinations of disparate particle sizes may be used 
to increase filter diffusion and reduce the size of parti- 



cles filtered. The disparate size particles (38, 46) may 
be uniformly mixed, or may be in relatively discrete lay- 
ers. Fibers (50) may be used to increase the strength of 
the filter. The fibers may be mixed with an initial slurry, 
or the slurry may be pressed into a mat of the fibers. 
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Description ' 

The present invention relates in general to filters for 
pyrotechnic airbag restraint modules. In particular, the 
present invention relates to improved unitary, monolithic 
filters for such modules. 

Pyrotechnic airbag restraint modules are well 
known, and generally include an inflator connected to a 
cushion. The cushion is inflated by generation of gas by 
a material stored within the inflator housing. With most io 
commonly used gas generant materials, however, an 
undesirable amount of solids are produced during gas 
generation, and as such a filter is provided within the 
housing to reduce the solids to an acceptable level. 

While various shapes and sizes of filters are known, is 
two of the most common filter shapes are referred to as 
disk and tubular herein. The disk filters are planar ele- 
ments with a circular periphery, and are commonly em- 
ployed in axial flow inflators. The second type, tubular, 
take the form of a length of hollow tube. Both of these 20 
filters have typk^ally been formed of multiple layers of 
various filtering materials such as wire mesh and ceram- 
ic paper. 

. Such multi-layer filters are difficult and expensive to 
produce and install, especially In the case of tubular fil- 2S 
ters. To avoid these disadvantages, there have been 
various attempts to provide an airbag filter in the form 
of a unitary element which may be easily mass produced 
and easily installed in the housing. Unitary filters must 
of course withstand the intense heat and pressure as- 30 
sociated with a pyrotechnic airbag. To withstand the 
heat, it has been proposed to form a filter from agglom- 
erated ceramic particles or grit. An example of this is 
shown in Japanese Kokai 50- 48797, published May 01 . 
1975. 35 

These ceramic filters are very heat resistant, and 
are also very strong In compression. However, they are 
quite weak in tension. As such, ceramics are useful for 
the disk filters which are placed almost entirely in com- 
pression, but are not suited to tubular filters, where large 40 
hoop stresses are generated. 

Various other exotic materials have been proposed, 
such as reticulated carbon foam with a metallic coating, 
as shown in US 5,372,380 to Duffy et al. While such ma- 
terials may provide the desired heat and pressure re- 4S 
sistance, they are expensive to produce. 

An object of the present invention is to provkie a 
filter for an airbag which is simple and inexpensive to 
produce, and easy to install. 

Another object of the present invention is to provide so 
such a filter whrch will withstand the heat and pressure 
of airbag activation, while providing the desired filtering. 

A further object of the present invention is to provide 
a filter material with sufficient strength that it may be em- 
ployed as the exterior housing for the inflator. ss 

These and other objects are achieved by unitary fil- 
ters for airbags. The filters may be formed from various 
combinations of ceramic grit, ceramic fiber, metal grit, 



metal fiber, and non- metal fibers. Combinations of dis- 
parate particle sizes may be used to increase filter dif- 
fusion and reduce the size of particles filtered. The dis- 
parate size particles nr^y be uniformly mixed, or may be 
s in relatively discrete layers. Fibers may be used to in- 
crease the strength of the filter. The fibers may be mixed 
with an initial slurry, or the slurry may be pressed into a 
mat of the fibers. 

The objects and features of the invention noted 
above are explained In more detail with reference to the 
drawings, in which like reference numerals denote like 
elements, and in which: 

Fig. 1 is a perspective view of a disk filter according 
to the present invention; 

Fig. 2 is a perspective view of a tubular filter accord- 
ing to the present invention; 

Fig. 3 is a perspective view with cut-away of a pas- 
senger side inflator formed with a filter housing ac- 
cording to the present inventk)n; 

Fig. 4 is a cross-sectk>nal view of a driver side in- 
flator formed with a filter housing according to the 
present invention; 

Fig. 5 is an enlarged detail representatbn of a prior 
art particle configuration; 

Fig. 6 is an enlarged detail representatbn of a large/ 
small pank:te configuration according to the present 
invention; 

Fig. 7 is an enlarged detail representation of a large/ 
vary small particle configuration according to the 
present invention; 

Fig. 8 is an enlarged detail representation of a lay- 
ered large/small particle configuration according to 
the present Inventksn; 

Fig. 9 is an enlarged detail representation of a par- 
ticle/fiber configuration according to the present in- 
vention; 

Fig. 10 is an enlarged detail representation of a lay- 
ered particle/fiber configuration according to the 
present invention; and 

Fig. 11 is an enlarged detail representation of a fib- 
er/fiber configuration according to the present in- 
vention. 

The present invention is prinnarily concerned with 
the constituents and formulations for unitary filters for 
airbags and other pyrotechnic inflation devices, in gen- 
eral, these constituents will be in the form of small par- 
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tides which are molded or formed into the desired final 
shape. To better describe the invention, therefore, a few 
of the more common final shapes for filters are initially 
noted. 

With reference to Fig. 1 , a disk filter according to 
the present invention is generally designated by refer- 
ence numeral 10. The filter 10 is appropriately in the 
fomn of a disk, with circular upper and lower faces 12 
and a peripheral sidewall 14. Disk fitters are typically 
employed in driver side airbag inflators having a cylin- 
drical shape, generally similar to that shown in Fig. 4. 
The disk fitter 1 0 wilt typically be placed within the cylin- 
drical housing between the pyrotechnic gas generant 
and the outer top wall of the housing to thus filter the 
gas prior to exiting the inftator. In many cases the inflator 
will be of the axial flow type, with the gas exiting the in- 
flator along its longitudinal axis through the top wall. 

A second common fitter type, a tubular filter, is 
shown in Fig. 2, and is designated by reference numeral 
16. The tubular filter takes the form of a section of a tube, 
with a sidewall IB bounded by longitudinal ends 20. The 
tubular filter is commonly used in both driver side and 
passenger side inflators. Passenger side inflators are. 
like driver side inflators, generally cylindrical, though 
typically much longer, as exemplified by Fig.3. The tu- 
bular fitter of Fig. 2 may be used in either type of inflator 
with the most apparent difference in the filters being only 
the length. In either case the filters are disposed be- 
tween the generant and the outer peripheral sidewall, 
with the sidewall often having the exit ports therein. 

With reference to Fig. 3, a passenger side inflator 
22 is shown, which includes a tubular fitter housing 23. 
The fitter housing is generally similar to the tubular filter, 
and includes the sidewall and longitudinal ends, but is 
designed to actually form at least a portion of the outer 
sidewall of the housing, with the ends being closed by 
appropriate end caps 24. Although not shown in the 
drawings, one or both of the circular end caps could be 
replaced by a monolithic extensbn of the filter housing. 
As may be seen, the passenger side inflator includes a 
mass of gas generant 26 within the housing, in this case 
formed as a plurality of wafers. As the housing is formed 
at least in part by the permeable filter housing 23. the 
generant is provided with a surrounding moisture barrier 
layer 28 in the form of a plastic or similar bag. 

A variant of this arrangement is shown in a driver 
side inflator 30 shown In Fig. 4. In this inflator, as in Fig. 
3. the sidewall is formed by a tubular filter housing 32. 
In this arrangement, however, the length of the tube is 
much less, in keeping with common driver side inflator 
design. As with the previous embodiment, the infiator 
will include a generant 34 (often in the form of tablets), 
wtiich is again sealed within a barrier layer 36. 

While these various examples of final filter forms or 
shapes have been specifically, shown, it should be un- 
derstood that the materials set forth below may be 
shaped into other arrangements suitable for pyrotechnic 
tnflatbn devices, and still remain within the scope of this 



invention. 

The particular constituents of the present filters will 
now be discussed in greater detail. As noted above, the 
materials are typically in the form of small particles, but 
s certain embodiments envision the use of short fibers, 
either in loose form or assembled in the form of a mat. 
a felt, or a paper. Certain other enribodiments also envi- 
sion the use of fibers formed into more tradittonal woven 
cloth. 

10 The basic materials envisioned in the invention for 
these particles and fibers are ceramics, metals, and 
non-metals. While this appears extremely broad, these 
temns. as used herein, are limited to those materials 
which, at least in their final form, may withstand the tem- 

is peratures and pressures associated with a pyrotechnic 
inflation device, at least to the degree needed to main- 
tain their function during the duration of the inflation. 
Such temperatures are often in the range of 1.500 to 
3,000**^ although these are essentially instantaneous 

20 temperatures and the duration of the inflation typk:ally 
will last less than one second. 

The pressures within a pyrotechnic infiator may 
reach 1,500 to 4,000psi during this period. While the 
- pressure is extreme, it is not necessarily required that 

25 the Individual material (e.g.. silicon dioxide or stainless 
steel) be capable of withstanding such a pressure during 
the noted high temperature. This is because the individ- 
ual material under consideration may be mixed with oth- 
er diverse materials which add to the strength or other 

30 properties to a sufficient extent to permit the use of oth- 
erwise unsuitable materials. As such, temperature re- 
sistance alone is considered a more accurate initial pre- 
dictor for limiting the noted terms. 

Even with the short time duration, the extreme tem- 

35 peratures limit the available materials which fall within 
the meanings of the terins ceramic, metal and non-met- 
al. For ceramics, this limitation is not so great due to the 
well known thermal properties of most ceramics. While 
many ceramics may thus qualify for use, there are cer- 

40 tain ceramics whk:h are better suited due to their sinter- 
ing temperatures, cost, material properties, etc. Pre- 
ferred ceramics include silicon dioxkie, silicon carbkie 
and aluminium oxide. 

The temperature requirements serve to provide 

^ greater limitations upon the term "metals", as not all met- 
als will withstand these temperatures without melting. 
Preferred metals are stainless steel, carbon steel, and 
iron. While other rare metals may be employed, they 
would typically not be used due to their high cost. 

50 The temperature requirements cause the greatest 
limitation upon the term 'non-metar. For example, the 
vast majority of natural and synthetic fibers, such as cot- 
ton or polyester, would not survive the high tempera- 
tures, and thus would not be included in the term "non- 

55 metal" as used herein. Preferred materials which may 
withstand the activation temperatures (and the sintering 
temperatures described below) are alumina, carbon, 
graphite, Kevlar<B>, and combinations of the above. Also 
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as before, more exotic fibers may be employed, but 
would not be feasible in mass production due to cost. 

The materials used in the ceramic and metal parti- 
cles and fibers, and non-metallic fibers, have now been 
identified. At this point it is proper to indicate in further 
detail what Is means by the terms particles and fibers. 

The term "particles" or "grit" is meant to encompass 
small pieces of material on the general order of a grain 
of sand. Particular sizes will be noted below for particu- 
lar embodiments. In the present invention, unless spe- 
cifically indicated, designating a physical size is intend- 
ed to refer to particles having that particular size, and 
some amount of slight variance therefrom, such as 
5-10%. 

The definitions above for particles and grit apply to 
both the ceramics and the metals. 

The term fibers" Is intended to include elongated 
pieces of the materials. These fibers will typically, 
though not necessarily, be circular in cross-section, and 
as such will be referenced below by diameter sizes. The 
length of the fibers will vary, and are identified below for 
particular embodiments. As with particle size ranges, 
the indication of a fiber diameter and length is intended 
to identify fibers having those particular sizes, plus or 
minus about 10%, unless otherwise indicated. 

The fibers may be provided in various forms, also. 
One form is simply loose fibers, meaning a plurality of 
fibers which are not associated into any structure. The 
fibers may also be associated into a structure. For ex- 
ample, the fibers may be bound into a mat form by 
known processes. This mat may be quite loose, in a 
manner similar to fibreglass insulation. The mat form 
may also be more compacted, such that the fibers take 
on the appearance of a feit. In either case appropriate 
stitching to maintain the mat form may be provided. An 
even more compacted form of fiber mat may take on an 
appearance similar to a paper, in a manner similar to 
known ceramic paper. Finally, the fibers may be formed 
into a more traditional cloth arrangement, with a warp 
and weave. In such fabrics the particular number of fib- 
ers per unit area in each direction may vary from a very 
loose weave similar to a netting, to a tight weave similar 
to textile cloth. 

The definitions above for fibers, mats, and cloths 
apply to each of ceramics, metals and non-metals. In 
addition to the above requirements for strength and tem- 
perature resistance, the filters must of course be porous, 
in this regard it is noted that preferred porosities are 
within the range of 10-120 CFM/sq. ft. of filter surface 
area at a pressure of 1^" of water A preferred range for 
non-azide gas generants is 60-70 CFM/sq. ft. of filter 
surface area at a pressure of ^* of water. 

Having identified what is meant by the various con- 
stituents of the inventive embodiments, particular filter 
formulations will now be described. 

A first embodiment of a filter according to the 
present invention employs only ^ceramic grit. As noted 
above, unitary filters of ceramic grit have been known 
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in the art. A prior art ceramic filter is illustrated in the 
greatly nnagnified view of Fig. 5. Such a prior art fitter is 
formed as a unified agglomeration of particles 38. A 
mass of these partk:les are formed together into the f omr) 

s of the fitter (i.e., disk, etc. ) by pressing, to form a preform 
or green. This green will retain the shape due to defor- 
mation of the particles, or due to the action of a binder 
previously added to the mass of particles. Thereafter, 
this green is calcined or sintered to complete its produc- 

10 tion. 

As may be envisioned, the most compact and dense 
form for spherical partlcies 38 would be a series of layers 
of particles, with each layer forming a perfect grid. Al- 
ternate layers would be slightly offset, to permit the par- 

is tides of the upper layer to rest in the depressions formed 
between the particles of the lower level. The interstitiat 
spaces between particles would be small in this ar- 
rangement, and would provide the optimum filtering due 
to their small size. Furthermore, the size of the interstitial 

20 spaces would be proportionally smaller with smaller par- 
ticle sizes. Unfortunately, it is essentially impossible to 
cause actual particles of this size to take their most com- 
pact form. This is due in part to the inability to apply suf- 
ficient pressure, and the "stickiness" of the particles in 

2S a slurry with a binder A further factor is small variations 
in particle size and shape. The latter may be the most 
important, as some materials are not economically fea-^ 
sible in spherical form, but are feasible in irregular 
"chips" having very angular forms. 

30 In practice, therefore, the particles will take a more 
random arrangement represented in Fig. 5 (keeping in 
mind that the two-dimensional representation would ex- 
tend in the third dimenskm also). With this more random 
arrangement, certain sets or clots of particles will be in 

35 close contact, and wilt provide small air paths 40 there- 
between. However, not all adjacent particles will be In 
actual contact. As such, voids 42 are formed within the 
filter material. In keeping with the random nature of the 
particle positions, some of the voids are larger than oth- 

40 ers. 

Additionally, some of the voids 42 are in sufficient 
three-dimensional communication to create a number 
of passageways 44 through the filter which are much 
larger than the average. These large passageways are 

4S of course preferred by the generated gas, as they offer 
less resistance. However, these large passageways al- 
so permit the passage of larger solids suspended within 
the gas, thus reducing filtration. Reducing the size of the 
grit particles may provide some reduction in this problem 

so by proportionally reducing the size of the voids and pas- 
sageways. However, the cost of grit increases with re- 
duced partk;les size, so that a sufficiently snnall grit size 
may be economically untenable. 

I nth Is first embodiment of the pre sent Invention, this 

55 problem is avoided or reduced by employing at least two 
disparate grit sizes to increase the effectiveness of the 
filter. 

In a first arrangement, two ceramic grit sizes are 



EP 0764 456 A2 



4 



7 



EP 0 764 456 A2 



e 



mixed uniformly, typically with an appropriate and 
known binder, in a manner similar to that used In the 
pnorartfor a single grit size. This mixture, having a con- 
sistency similar to wet sand, is then molded to a form at 
least approximating the final desired shape. This may s 
be effected by extrusion of the mixture, isostatic com- 
pression, or pressing in a mold or form, to produce a 
preform or green. The green is treated (as by the simple 
drying, calcining and/or sintering) to produce the solid, 
strong unitary filter. If necessary, machining to size may io 
be perfonned as a final step. 

Within this first arrangement, there are two exam- 
ples shown. In the example of Fig. 6, the grit sizes may 
be characterised as targe grits 38 and small grits 46, 
respectively, with the large grit 38 being from about is 
0.053-0.028" (1.35-0.70mm. or 10-25 mesh), and the 
small grit 46 being about one-third to one half the size 
of the large grit, or about 0.030-0.012" (0.75-0.30mm, 
or 20-50 mesh). It is noted that, even though the noted 
ranges overlap, it is not envisioned that the large and 2d 
small particles used would be of approximately the 
same size. Rather, it is intended that the difference in 
particle size be appreciable, and at least on the order of 
1:1.5, and preferably about a 2: 1 ratio. These two differ- 
ent grit sizes may be mixed in proportions between 2S 
about 1:1-1:10 small to large particles by weight. As may 
be seen, the small grit serves to fill the void areas be- 
tween the large grit, reducing the size of any large pas- 
sages through the filter, thus increasing filtration of sol- 
ids. 30 

The second example is shown in Fig. 7, where the 
grrt sizes may be characterised as large grit 38 and very 
small grit 48, respectively. In this example the large grit 
may again have a size within the range of about 
0.053-0.028" (1 .35-0.70mm, or 1 0-25 mesh), though the 35 
very small grit 48 has a size in the range of about 
0.0029-0.0014" (0.075-0.035mm, or 200-400 mesh). 
With this example the two grit sizes may be mixed in a 
proportion between about 1 :2-1 :5 very small to targe 
particles by weight. 40 

In both of the examples of Figs. 6 and 7, the smaller 
sized grit at least fills the passageways 44, and reduces 
the size of the voids 42, thus reducing the size of a solid 
object which may pass through the filter. A thorough mix- 
ture of the two grit sizes may result in the smaller grit ^ 
being sufficiently pen/asive that the paths 40 between 
the large grit are virtually nonexistent. At a minimum, the . 
number and size of the paths should be reduced. 

Additionally, the individual particles are believed to 
have more intimate connections with each of the other so 
particles. In particular, the presence of the smaller. par- 
ticles 46 or 48 within the voids and passageways results 
in more connections with (and thereby between) the 
large grit 38. The increased number of connections be- 
tween particles is believed to increase the strength of ss 
the unitary filter. 

Finally, the mixture of the two grit sizes permits the 
use of less expensive large particles 38. As such, the 



mixture of grit sizes is believed to provide adequate fil- 
tering at a cost appreciably less than that for a fitter 
fonned entirely of a smaller grit. 

A second arrangement in this first embodiment is to 
provide the disparate grit sizes, yet in a more layered 
manner, as illustrated in Fig. 8. With this arrangement, 
the grit sizes are not uniformly mixed, but are kept sep- 
arate initially. Each of the grit sizes 38 and 46 (and/or 
48) is then subjected to the forming process described 
above to form a green, but of a reduced thickness such 
that each green will form a layer of the completed filter. 
These layers will of course extend in the direction of gas 
flow through the filter. 

Once the green layers have been fomned, they may 
be assembled together within a mold and pressed or 
compressed together to unite the greens. This may be 
facilitated by reducing the amount of pressure applied 
to initially form the individual green layers, compared to 
a single forming step as described above, such that they 
may be further compacted during this second step. It is 
preferred that all layers of the filter be assembled at the 
same time in this second compacting step, but an indi- 
vidual layer or layers may be pressed into position sep- 
arately. This second pressing or compacting step forces 
the disparate layers together sufficiently that they will be 
secured together. 

In a manner similar to a single grit-size filter dis- 
cussed above, each of the layers, being formed of a sin- 
gle grit size, will include voids and passageways. These 
will be sufficiently small in the smaller-grit layer(s) that 
they will not cause a problem. However, the large grit 
layer(s) may experience undesirable channelling of the 
gas flow as noted previously. 

The pressing or compacting to form the unitary filter 
will, however, cause some amount of intenmingling of 
grit sizes across the boundary between adjacent layers. 
This intermingling will produce a transition zone of 
mixed size grit, similar to the uniformly mixed grit sizes 
discussed above. This transitk^n zone will thus have 
greatly reduced voids and passageways. As a result, the 
gas flow from the large grit layer will be diffused before 
entering the smaller grit layer(s) downstream. This will 
improve filtering, as a more even flow will be filtered by 
the smaller grit layer(s). 

As may be envisioned, the final filter form must fit 
within the inflator. and as such the thickness of the layers 
depends upon such final size. The number of layers, and 
their order, however, may be varied for best results in a 
particular application. For example, moving from the up- 
stream to downstream direction of gas flow, there may 
be provided a large grit layer and a small grit layer, or a 
small grit layer, a large grit layer and a very small grit 
layer. Other combinations are of course possible. 

The benefits of using multiple grit sizes are not lim- 
ited to ceramics. In partk:ular, metal particles may also 
be used in essentially identical manners as described 
above. The only differences woukJ be the possible de- 
letion of the binder, as metal particles may be forced into 
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a green simply by appiication of sufficient pressure, if 
desired, and the temperatures required to sinter the 
green would be reduced to known metal sintering tem- 
peratures. AD other factors, including particle sizes, and 
mixture percentages, are essentially identicaL 

As with ceramic, this use o1 plural grit sizes permits 
efficient filtering with reduced cost. This is especially 
true for metals, as smaller particle sizes are quite ex- 
pensive. The ability to use larger metal grit size, there- 
fore, is believed to provide quite appreciable cost sav- 
ings. 

It is also possible, and likely preferred, to mix the 
metal and the ceramic particles. For example, large met- 
al particles 38 could be combined with small ceramic 
particles 46 or very small ceramic particles 48. This 
combination could be by uniform mixing prior to forming 
a green. The formation of the green could be achieved 
without binder so long as there is a sufficient quantity of 
the metal particles to ensure adequate deformation to 
maintain the shape of the green. In this regard. It is noted 
that suitable mixture percentages are between about 
5/95% to 95/5% of metal/ceramic, with percentages at 
the higher end of metal concentration being most suita- 
ble to forming greens without a binder. 

The green would then be sintered at metal temper- 
atures. This temperature is of course well below typical 
ceramic sintering temperatures, but all that is required 
is that the metal particles bond sufficiently to each other 
to capture or bind the ceramic particles, in a manner 
quite similar to Fig. 6. It is mainly for this reason that it 
is preferred that the metal particles be larger than the 
ceramic particles. In particular, the larger particles tend 
to have the more continuous lattice of contact points, 
and as such would provide the strongest framework up- 
on sintering. A sufficiently high concentration of metal 
particles may, however, permit the use of smaller metal 
particle sizes. 

Another reason for the preference of larger metal 
particles is cost. As a general rule, ceramic particles are 
less expensive than metal, and larger particles of either 
material are less expensive than smaller. As such, the 
preferred arrangement of large metal particles and small 
ceramic provides the lowest cost. This cost will typically 
be appreciably lower than using entirely metal particles. 
The cost will, however, typically be higher than using en- 
tirely ceramic particles. This cost difference will likely be 
offset by increased strength compared to entirely ce- 
ramic particles, and possibly also by reduced manufac- 
turing costs due to the bwer sintering temperatures. 

In this arrangement there is the possibility that not 
all of the ceramic particles will be held securely in posi- 
tion between metal particles, but would be loosely held 
within the filter. At a minimum, this could cause a slight 
rattle, which is of course to be avoided. At worst, the 
loose particles would not be securely retained, and 
would be blown from the filter upon applicatk^n of pres- 
sure. Such a discharge of particulate from the filter is of 
course the opposite of what is desired from the filter. To 



prevent this, the amount of metal particles nnay be in- 
creased, and/or the filter may be subjected to an initial 
pressure application prior to use in the inflator, ejecting 
all loose particles. 
5 One method to avoid the problems of loose ceramic 
particles is to employ fibers instead. In this embodiment, 
illustrated in Fig. 9, fibers 50 are shown extending 
through the particles 38. As should be apparent, the 
length of the fibers 50 helps to ensure that the fibers will 

10 be bound by the sintered particles 38. simply by increas- 
ing the number of particles with which the fiber comes 
into contact. This in turn increases the probability that 
the fiber will be fixed by a pair of sintered particles 38. 
The length of the fibers 50 will preferably be no less 

IS than approximately 0.028", with no end on the upper lim- 
it for fiber lengths used In structures such as mats, pa- 
pers or cloths. For loose fibers, the sizes may of course 
vary depending upon the size of particles employed, 
with the fibers preferably having a length of about 2 to 

20 3 times the particle size. While ceramic fibers may be 
used with the metal grit, non-metallic and even metallic 
fibers may also be used. In the case of metallic fibers, 
the fibers will of course be bonded to the particles, cre- 
ating a stronger filter, though at a greater cost. 

25 There are several ways in which the fibers may be 
mixed with the particles. In a first arrangement, shown 
in Fig. 9, loose fibers 50 may be mixed with the particles, 
before or after addition of a binder (if a binder is em- 
ployed). The mixture ratios of particles to fibers may be 

30 between about 5% and 95% fibers by weight. The re- 
sultant mixture may then be extruded, pressed or com- 
pacted as described above. The thus-formed green is 
then further treated by drying, calcining and/or sintering 
at metal sintering temperatures, as in the embodiment 

35 above! As may be envisioned, mixtures having different 
particle/fiber ratios and/or particle or fiber sizes and/or 
fiber compositbns are also possible. 

A further method of forming a filter with fibers is to 
infuse the fibers with the particle slurry For example, a 

40 mass of the fibers may be held in a mold, and the particle 
slurry placed on top of the fibers. Pressing the slurry 
would then force the particles into the mass of fibers, 
providing a mixture. In a similar manner, the fibers could 
be placed into the mold on top of the particles before 
pressing. In either case a mixture will result. While pres- 
sure and other variables are a factor, the uniformity of 
. this mixture will depend, in part, upon the relative parti- 
cle/fiber ratio. With the proper ratk), there can be a very 
nearly uniform mixture. With increasing amounts of par- 

50 tides, the fibers may be restricted to one face (e.g., the 
bottom half of a disk fitter). For example, it the fibers are 
1" deep in the mold, and 2" of particle slurry is poured 
on top for pressing and infusing into the fibers, a depth 
of pure particles will be formed on the upper face of the 

55 filter. This is shown in Fig. 10. 

This second arrangement may also be used for fiber 
materials formed in a mat. This is readily apparent for 
the felt-type mat. and for looser weaves of fibers. For 
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denser weaves and papers, the slurry of particles may 
not flow through, such that the fiber mat needs to be 
Introduced at a specific point in the process of filling the 
mold with the particle slurry. For example, a paper 
formed of ceramic fibers may be inserted into the mold, 
and the slurry poured in thereafter. Similarly, a portion 
of slurry could be introduced, the paper laid down, and 
the remaining slurry poured on top. It is also noted that, 
due to the relatively small thickness of the paper, more 
than one layer of the paper may be employed. This may 
also be tme of mats and felts, if they are sufficiently thin 
with respect to the final filter thickness. 

As intimated above regarding different fibers used 
with metal grit, all possible variations of the subject con- 
stituents is possible. For example, ceramic grit may be 
used with metal fibers, such that the metal fibers bond 
to trap the ceramic grit in a manner similar to that de- 
scribed above. This arrangement also has similar ad- 
vantages for strength and low cost. It is of course also 
possible to have ceramic fibers used with ceramic grit, 
and metal fibers used with metal grit. The relative mix- 
ture ratios for loose fibers with these arrangements 
would be similar to those noted above. Additionally, the 
other fiber forms (i.e.. felts, mats, papers) couki also be 
used. 

The use of non-metal fibers is also envisioned for 
use with the metal or ceramic grits. Again, the mixture 
ratbs would be similar to those above, and all noted fiber 
forms may be employed. These embodiments may pro- 
vide sufficient strength while providing very good cost 
savings, as at least some of the envisioned non-metal 
fibers are relatively Inexpensive. In most cases the non- 
metal fibers will be trapped by the sintered grit (either 
metal or ceramic). With suitable binders, however, it 
may also be possible to provide at least a moderately 
strong bond directly between the non-metal fiber and the 
grit, it Is also possible to use mixtures of non-metal fibers 
and/or fiber forms. For example, a ceramic grit could be 
poured into a mold over a layer of ceramic paper. There- 
after, a loose mat of kevlar fibers could be laid on top of 
the ceramic grit and pressed to embed the mat. 

As the final remark on this general embodiment, it 
is also possible to employ the fibers with grits, where the 
grits are not uniform. An example would be the use of a 
uniform mixture of large and small ceramic grit together 
with loose metal fibers. Of course other variations using 
other grits, fibers, and fiber forms are also possible. 

As the final embodiment, there is the possible use 
of fibers without grits. This is Illustrated In Fig. 11 , where 
first fibers 50 are mixed with second fibers 52. As would 
be expected from the above discussion, the fibers may 
be mixtures of metals, ceramic and non-metal, in any 
possible combination (e.g., metal and ceramic, or metal, 
ceramic and non-metal, or ceramic and non-metal). As 
with the embodiments above, if metal fibers are em- 
ployed the mixture will be sintered at metal tempera- 
tures, and the metal fibers will bond to trap the ceramic 
and/or non-metal fibers. A similar action will occur with 



the ceramic fibers trapping the non-metal fibers if no 
metal fibers are used. For these an-angemenls the rel- 
ative mixture ratios of fiber types may be anywhere be- 
tween 1 and 99%, with 40-60% being preferred. 

5 While uniform mixtures of loose fibers may of 
course be used, it is also possible to employ the other 
fiber forms. For example. kx3se metal fibers may be in- 
fused into a ceramic fiber mat by pressing. Due to the 
fiber lengths, it may be more difficult to obtain a uniform 

10 Infusion, but this may actually be desirable. For exam- 
ple, the ceramic fiber mat may have little or no metal 
fibers at one face, while the other face includes an infu- 
sion of metal fibers, thus reducing the size of passage- 
ways through the filter. As above, it is also possible to 

15 use mixtures of loose fibers together with the other fiber 
forms. For example, ceramte and non-metal fibers may 
be uniformly mixed and then pressed upon a ceramic 
paper. 

From the foregoing it will be seen that this invention 
20 is one well adapted to attain all ends and objects here- 
inabove set forth together with the other advantages 
which are obvious and which are inherent to the struc- 
ture. 

It will be understood that certain features and sub- 
2S combinatbns are of utility and may be employed without 
reference to other features and subcombinations. This 
is contemplated by and is within the scope of the claims. 
Specifically, the possible combinations between ceram- 
ic, metal and non-metal constituents are intended to be 
30 within the scope of this invention, even though not spe- 
cifically enumerated in the interest of brevity. 



Claims 

35 

1. A unitary filter (10, 16) for use with an inflator (22. 
30), comprising: 

a monolithic reticulated, porous body having 
sufficient strength, porosity and filtering character- 

40 istics for use as a filter for gasses produced by a 
pyrotechnic inflator, said body being formed as an 
agglomeration of (1 ) a first material comprising first 
particles having a first size, and/or first fibers (52) 
and (2) a second material comprising second parti- 

4S cies having a second size which is appreciably dif- 
ferent from said first size, and/or second fibers (50) 
having a length at least twtee as long as said first 
size. 

50 2. A filter as claimed in claim 1 , wherein said body is 
sized and shaped to form a portion of an outer wall 
(23, 32) of the inflator (22, 30). 

3. A filter as claimed ih claim 1 or claim 2, wherein said 
ss first size is larger, being within the range of 
1.35-0. 70mm, and said second size is smaller, be- 
ing within the range of 0.75-0. 3. mm. 
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4. A filter as claimed in claim 1 or claim 2« wherein said 
first size is larger, being within the range of 
1.35-0.70mm. and wherein said second size is 
much smaller, being within the range of 0.075- 
0.035mm. s 

5. A filter as claimed in any preceding claim wherein 
said first and said second particles (38, 46. 48) are 
unifomrtty distributed throughout said body of said 
filter. 10 

6. A filter as claimed in any one of claims 1 to 4, where- 
in said first particles (38) form a first layer of said 
body, and said second particles (46, 48) form a sec- 
ond layer of said body, said first and said second is 
layers being directly adjacent, and wherein said first 
particles and said second particles are intermingled 

at the intersection of said layers. 

7. A filter as claimed in claim 6, wherein each of said 20 
layers is formed as an individual element, and 
thereafter said individual elements are forced to- 
gether to form said body and cause said intermin- 
gling. 



A filter as claimed in any preceding claim wherein 
said second material includes said second fibers 
(50), and said second fibers are loose, and are uni- 
formly mixed with said first particles (38. 46). 



25 



30 



9. A filter as claimed in any one of claims 1 to 7, where- 
in said second material includes said second fibers 
(50), and said second fibers are in the form of a mat, 
with said first particles (38, 46) disbursed through 
said mat. 35 

10. A filter as claimed in claim 9, wherein said mat does 
not extend the entire thickness of said body. 
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